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(57) Abstract 

Unit dosage form for ddiiv- 

edng dnxgs into the body in a se- 
ries of sequential, pulsatile releasiji^ 
events employs conventional phar- 
mnrrntical equipment and processes 
for optimum eooncaiiy, leUabOity, 
and bioavailability. Tlie system can 
be used witfa drugs which cannot 
be released by diffusioQ ttirougb a, 
porous coating, such as water insole 
ublc drags. A phualily of popula- 
ticxQS of pellets is provided within 
a unit dosage form such as a oep- 
sole (8) or tablet Tbe pellets aie 
composed of a oore oontaioing the 
drug (3) and a swelling agent (4) 
which expands in volume when ex- 
posed Id water. The core is enclosed 
within a membrane or coating which 
is penneabVf to water. The mem- 
bnoie is cxsnposed of a water in- 
soluble and penneable film forming 
polymer, a water soluble fihn fonn- 
ing pdymer (1 1) and a penneabili^ 
xedacmg agent (14). When the unit 
dose releases the pellets into the di- 
gestive tract, water diffuses thfoo^ 
the coating and into the coie. As wa- 
ter is taken up by tlie swelling agent, the core expands, exerting force on die coadog until it bursts, releasing 
reducing agent reduces the late at which water reaches the swelliDg agent, thereby delaying release time. The 
selves, weakening the coating so that it bursts soono-. By varying die psopoitions of die three coating ' 
^om one pellet pqpidation to aiK>lfaer, the release dming of die pellets can be very effectively controUedT 




the dmg. The penoeability 
water soluble polymer dis- 
and/or coaling tfaicfaiess 
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Pulsatile Particles Drug Delivery System 

Teohnical field 

My inven-tion relates to controlled absorbtion drug 
delivery systems . and more particularly to combined coating 
dissolution and explosion mechanisms in coated 
dznag-containing pellets for assured timely release of orally 
administered pharmaoeuticails* 

Bacifcground Art 

A unique sustained-release drug delivery system, 
Time--Controlled Sxplosion System (TC£8)y was described in U« 
S. Patent 4,871,549 Issued 10/3/69 to Ueda et al. Drug 
release is oaused by explosion of an insoluble, water 
permeable membrane after a definite period of time. Beads or 
granules contain tlie drug and a swelling agent enclosed by 
the water insoluble membrane « Water permeates the membrane . 
and causes the swelling agent to expand until the internal 
forces on the membrane cause it to bairst or explode, thereby 
releasing the drug. This mechanism is especially useful with 
water insoluble dinigs in which those prior art delay 
mechanisms related to diffusion of the drug through a 
permeable costing would not be effective, 

A remarkable feature of the TCES is that drug is "not 
released from the completely coated pellets or spheres until 
the membrane burets, and then it is all available ♦ This can 
provide for a pulse of drug release* The lag time before 
release is related to the thiclmess of the membrane with 
maximum lag times of approximately four hours reported by 
Ueda. 

One of the principal uses for delayed release forms of 
medication is to provide for a once a day oral administration 
that releases drug in a continuous controlled rate or in a 
series of seauential piilses throughout the 24 hour period. 
This ensures a reasonably uniform blood level for maximttm 
efficacy with the least toxic effect fi*om high peaks of blood 
■ concentration. This is not easily accomplished with the 
system of Ueda because the insoluble membrane must be made 
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very thici: for long delay s,ELnd this makes explosion less 
reliable • If the membrane never bvurste, the dxna^ will be 
lost in the atool and the patient will get leas drug than 
prescribed and never be aware of it. Furthermore, in cases 
where there is a delayed stomach emptying time, much of the 
explosion may take place in the stomach and not be available 
for absorbtion until the pyloric sphincter opens. This may 
present a very large dose for sudden absorbtion that may be 
very dangerous* Ptirthermore , aoid xmstable drugs should not 
be released to the acidic stomach contents, where an 
indeterminate portion of the drug dose may be destroyed. 

Disclosure of the Invention 

It is accordingly an object of the invention to provide 
unit dosage forms for drugs or therapeutio agents that will 
release the drug into the environment of use in a series of 
.sequential, ptilsatile releasing events that employs 
conventional pharmaceutical eqxd-pment and products such as 
roller compaction methods for optimum economy, reliability 
and bioavailability. It is another object to provide dosage 
units readily adaptable to a variety of timing intervals, 
different therapeutic agents and combinations of agents, 
including agents which cannot be released by diffusion 
through an insoluble coating. It is yet another object to 
provide a system that can yield a large number of pulses 
within^ a single xmit dosage form at no significant increase 
in cost over only one or two pulses. It is yet another 
object of the invention to provide means for protecting the 
drug from adverse environmental conditions prior to delivery 
into the environment of use* It is yet another object of 
the invention to provide a drug delivery system in which the 
— explosive pellets aechanism for drug release . is modified by 
changing the coating to delay the explosion event in a more 
controllable and reliable fashion than simply increasing the 
thiclcness of the insoluble coating. 

The coating x>f the invention is provided with two means 
to alter release time of the drug. A first means for 
altering of the invention comprises the incorporation of a 



Best Available Copy 



wo 94/12160 _ .. P?9e5.ofg 



WO 94/12160 PCT/DS5O/10643 



- 3 - • 

water soluble polymer along with the insoluble, water 
permeable coating material of .the prior art* This water 
soluble polymer is of the enteric coating polymer type in 
whioh the polymer becomes soluble only at pH values above 
certain specific values* This prevents dissolving of the 
polymer in the stomach. When the pellet reaches the elevated 
pH of the intestine, the polymer begins to dissolve and 
weaken the membrane coating, so that explosion of the 
weakened membrane can be assured after a predetermined time 
of exposure to the intestinal environment • By varying the 
proportion of soluble and insoluble material in the coating 
as well as the coating thictoiess, the time delay before 
explosion can be prolonged with better control and 
reliability^ with eventual disintegration of the coating 
ensuring release of the drug* 

A second means for altering release of the drug 
oompriseSE the incorporation into the coating of material 
which reduces the permeability of the coating* By reducing 
the rate of influx of water into the interior of the pellet 
containing the swelling agent, the rate of swelling can be 
reduced and the time to explosion can be prolonged and 
controlled. Either of these means of modifying the coating 
may be used separately or in combination. 

These and other objects, advantages and feattirea of the 
invention will become more apparent when the detailed 
description is studied in conjunction with the drawings* 

Brief DesoriT>tion of the Drawings 

Pig. 1 shows diagrammatically a pellet of the invention 
with a core prepared by roller compaction with a mixture of 
swelling agent and active driag. . 

" . Pig, 2 f shows diagrammatically a pellet of the invention 
with a core of a sugar seed coated with a mixture of swelling 
agent and active drug. 

Pig» 3 shows diagrammatically a unit dose of the 
invention with pellets having five different release times. 

Best Mode for Carrying Out the Invention 
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Referring nov/ flrs-fc to Fig. 1, an individual pelXet 2 
of the invention comprises a core 1 prepared by the well 
laiown» economical, roller compaction method with sieving to 
select granules: of particular mesh sixe and irregular 
configuration containing a combination of active drug 3 and 
ewe2-ling agent 4. The coating membrane 5 completely encloses 
the core 1* The coating membrane containsi 

a) a water insoluble , water permeable polymer; 

b) an enteric coating polymer (a polymer soluble in water 

values- above a certain value; 

c) a diffusion controlling agent which reduces the 

permeability of the coating to water. 
Referring now to Pig. 2, an Individual pellet 6 of the 
invention comprises a bead core 7 of sugar. This is coated 
with a layer of a mixture of active drug 3 and swelling 
agent 4 by spray coating in a fluidiced bed as is well known 
in the art. The layer of active drug and swelling agent is 
^then enclosed by an outer coating membrane 5. The coating 
membrane contains: 

a) a water insoluble, water permeable polymer; 
and one or both of: 

o) a diffusion controlling agent 

d) a dissolution controlling agent 

The preparation and coating of the pellets may be 
performed by any of the processes well Icnown In the art, and 
the order in which the various ingredients are laid, down may 
be varied as desired, with drug and swelling agent inside the 
frangible coating. The frangible coating may be constructed 
to increase or decrease the lag time to release by varying 
the proportions of insoluble polymer, soluble polymer and 
diffusion controlling agent. The thickness of the outer 

coating and the amount, of swelling agent may also be 

adjusted. When control must be exerted over where in the 
digestive tract release is to occur, the dissolution agent 
may be of the enteric type wherein solubility increases at 
higher pH. 

The system may be used with water soluble as well as 
water insoluble drugs or combinations of drugs. 
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Water permeable and insoluble film-forming j^olymer 
materials for the coating may include celluloee derivatives, 
acrylic resins, copolymers of acrylic acid and methacrylic 
acid esters wi-bh quaternary ammonium groups and copolymers 
of acrylic acid and methacrylic acid esters. Permeation 
retarding materials may include ingredients such as the 
fatty acids, waxes, and the salts of the fatty acids such as 
magnesium stearate and . calcium stearate. The pharmaceu-bical 
grades may not be pure stearate s, but may contain small 
amoTinta of other fatty acid salts. 

Swelling agents may include: 

cross-linked polyvinyl pyrrolidone 

cross-linked carboxymethylcellulose; 

sodium starch glycolate and pregelatinisced starch. 

Water permeable and soluble film forming agents may 
'include the enteric polymers which have greatly increased 
solubility at alkaline pH such as: cellulose acetate 
phthalate; cellulose acetate trimellitate; shellec; 
methacrylic acid copolymers, USP/NT, such as the Eudraget 
formulations of Rohm Pharma GMBH of Weiterstadt; and 
hydroxy propyl' methylcellulose phthalate. 

Water permeable and slowly soluble film forming agents 
whose solubility is substantially independent of pH include 
hydroxypropyl methylcellulose and polyvinyl pyrrolidone • 

The following examples describe typical fjormulations of 
multiparticulate, pulsatile unit dosage, forms and methods of 
manufacture thereof: 
Sxample 1 

Nifedipine, a drug 200 g 

Explotab, a swelling agent, a starch glycolate 200 g 

Povidone K90, a binding agent, polyvinyl 
" - pyrrolidone " ' ■ '20 g - • 

Ethanol ISOO g 

The above three raw materials were first dispersed in 
the ethanol until uniform. The suspension was then 
spray coated onto 400 g of sugar spheres ( sise 40 to 
50 mesh) in a fluidiiied bed coater equipped with a 
•Wurster column. Six hundred grams of the Nifedipine 
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pellets are tlien coated witli the following polymer 
suspension: 

Ethyloellulose , an insoluble polymer 90 g 

Eudragif SlOO, an ethacrylic acid copolymer 

slowly soluble in intestinal fltiid 45 g 

Magnesium Stearate, a hydrophobic agent 

reducing permeability 15 g 

Ethanol ^^^0 g 

At the time intervals when about 255^, SOjS and 75^ of 
the coatings suspension are consumed, the coating 
machine is stopped and 50 grams of samples are 
collected. Then coating continues until all of the 
coating material is consumed. These four samples coated 
with different amounts of polymer will give various lag 
times when placed in an aqueous medium, 
Forty grams of the above four types (i.e. coated with 
four different levels of polymer) of coated pellets are 
then mixed with 25 grams of microcrystolline cellulose, 
13 grams of Polyplasdone XL, a croas-linlced PVP 
disintegrant from CAP Chemical Corp., and 2 grams of j 
Myvatex, a lubricant for compression. The above mixture | 
• is then compressed into suitable sine of tablets. This I 
tablet will give a pulsatile pellet delivery system with | 
four different releasing lag times. The four types of I 
coated pellets can also be blended and encapsulated in a | 
capsule dosage form. | 
Example 2 | 
. Zidovudine, a drug ^ 



200 g I 



Sxplotab 

Povidone K O • S | 

Ethanol 1600 g j 

If'he above three raw inaterials were first" dispersed in | 

the ethanol until uniform. The suspension was then | 
spray coated onto 400 g of sugar spheres (size 40 to 
50 mesh) in a fluidized bed coater equipped with a 
Y/urster colximn. Six hundred grams of the zidovudine 
pellets are then coated with the following polymer 
suspension: 
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Ethylcellulose . 90 g 

KPMCP 55, enteric polymer, hydroxypro propyl 

methyl cellulose phthalate, Saetman 45 g 

Magnesium Stearate 15 g 

Ethanol l^OO g 

At the time intervale when about 50?6 of the coatings 
suspension are consigned, the coating machine is stopped 
and 50 grams of samples are collected* Then coatisig is 
resumed until all of the coating material is consumed. 
These two samples coated with different amoimts of 
polymer will give different lag times when placed in an 
aqueous medium* 

.Porty five grams of the above two types (i.e» coated 
with two different levels of polymer) of coated pellets 
are then mixed with 45 grsms of unooated active pellets 
(for immediate release purpose), 7 grams of 
microcrystalline cellulose, 6 grams of Polyplasdone XL 
and 2 grams of Myvatex. . The above mixture is then 
compressed into suitable sire of tablets* This tablet 
will give a pulsatile pellet delivery system with three 
different releasing lag times. 

The combination of a water soluble film forming agent 
with a permeability reducing agent in the coating with the 
insoluble film forming agent gives greater control over the 
frangibility of the coating and the rate of swelling. 

PluidlJced bed coaters are well toiown in the art and have 
been found useful in this process but other coating apparatus 
and' methods well known in the art may be used with the 
invention as well* 

The term "dznzg" as used herein includes, without 
limitation, antibiotics, tranquilisera, agents acting on the 
.^.heart.,. liver, .kidney, centra jiiuscles, 
contraceptives, hormonal agents, antineoplastic agents useful 
in humans or animals and may include combinations of drugs* 

The term "unit dosage form" includes, without 
limitation, discrete aggregates of populations of pellets 
contained in capsules, or compressed into tablets or 
suppositories with binding agent* The dosage form may be 
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arranged to dissolve promptly in any aqueous medium or to 
resist dissolution in certain environments such as enteric 
coated tablets which will not release pellets laitil they 
have passed the acid stomach and reached the alka line 
• intestine ♦ 

Referring now to Fig* 3, a typical unit dosage form is 
shown diagrammatic ally as a carrier medium such as a tablet 
or a capsule 8 holding five populations of pellets. All of 
the pellets have identical cores containing swelling agent 4- 
and drug 3. All of the pellets have a coating that includes 
a water permeable and insoluble film forming agent. The 
coatings of the different populations are provided with 
other ingredients as well, to alter the time interval 
between initial exposure to water and final bursting of the 
pellet from imbibition of water and swelling. 

The first-to-bur st population of pellets 10 are 
provided with a high concentration of water soluble film 
forming ageiit indicated by circles 11. As the agent 11 is 
rapidly removed from the coating, the coating becomes more 
frangible, and is burst by a lower internal pressure from 
the swelling agent. The second-to-burst popiilation of 
pellets 12 have a lower concentration of soluble film 
forming agent 11 which extends the time before the coating 
becomes so weak from loss of the agent that it bursts. The 
third-to-burst population of pellets 13 has, in addition to 
the water soluble film forming agent 11, some hydrophobic or 
permeability reducing agent 14 in the coating to slow down 
the rate at which water enters the core to .swell the 
swelling agent 4. This increases the time lag before the 
pellets burst, releasing their contents. A fourth-to-burst 
population of pellets 15 has a coating with only 

Impermeability. .reducing agent 14. added. in small concentration 

to reduce the rate of sv/elling. The fifth-to-burst 
population of pellets 16 is provided with a higher 
concentration of hydrophobic agent 14 to fiirther reduce the 
rate of swelling to prolong further the lag time before 
release of the drug 3 for absorbtion. 

The particles or pellets of the invention may include 
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without limitation spheres, irreg^ular shapes or large tablet 
shapes euoh as the well laiown- "minitablets" , for example, 
and their sizes may vary "between 4 nun* down to about 0.1 mm. 

The above discloaed invention has a number of 
particular features which shoxad preferably be employed in 
combination althoxigh each is useful separately without 
departure from the scope of the invention. While I have 
shown and described the preferred embodiments of my 
invention, it will be understood that the invention may be 
embodied otherwise than as herein specifically illustrated 
or described, and that certain changes in the form and 
arrangement of parts and the specific manner of practicing 
the invention may be made within the underlying idea or 
principles of the invention within the scope of the appended 
claims* 
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A iinit dosage form for releasing a drug into an 
aqueous-fluid-containing enviroisment in a plurality of 
sequential, ptilsatile releasing events, said unit dosage 
form comprising: 

A) a capsule which disintegrates in an aqueous 

environment of use; 

B) a plurality of populations of pellets or particles 

enclosed within said capsule, each popxilation of 
pellets constructed to release a drug into said 
environment of use by bursting at a different 
particular release time interval after initial 
contact with said environment of use, whereby 
all of said pellets are released from said 
capsule substEintially simultaneously and exposed 
to said environment of use substantially 
simultaneously when said capsule disintegrates; 

C) each pellet containing a core" including said dxnig 

and a swelling agent other than said drug, said 
swelling agent having the property of increasing 
in volume on exposure to water; and 

D) a frangible, water— permeable membrane completely 

enclosing said core and preventing release of 
said drug into said environment of use, said 
membrane comprising at least one water-insoluble 
f ilmt forming polymer and at least one of: 

a) a water-soluble film forming polymer means 
which gradually dissolves and cauiaes said 
membrane to become increasingly freaigible 
as time in contact with water increases; 
and 

7" ' " "b) a permeability~r educing means which reduces 

the rate at which water passes through 
the membrane and thereby the rate of 
increase in volume of the swelling agent 
in the core, whereby the increasing 
volume of said swelling agent applies 
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increasing internal force on said 
memtoane and the rate at which said 
force is applied isc determined by the 
water-pezTneahility of said laemlDrane, and 
the internal force at which said membrane 
will bxzrst is determined by the 
fran^ibility of said membrane, and dnig 
is released to said environment of use 
when the membrane enclosing said core 
burets, 

2* The unit dosage form according to claim 1, in which all 
of the populations have membranes with the same 
composition and the particular release time of a 
population is determined by the thickness of said 
membrane « 

3* The imlt dosage form according to claim 1, in which the 
particular release time of a population is determined at 
least in part by the relative proportions of said 
insoluble film forming polymer, said water-soluble film 
forming polymer means and said permeability reducing 
- means in aaid membrane. 

4« The unit dosage form according to claim 1, in which said 
water-soluble film forming polymer means has a greater 
solubility at alkaline pH. 

5. The unit dosage form according to claim 1, in which said 
water-soluble film forming polymer means is substantially 
soluble at both alkaline, neutral and acid jiRm 

6. The unit dosage form according to claim 1^ in which said 
swelling agent is selected from the group consisting of | 

cross-linked polyvinyl pyrrolidone; 
cross-linked oeurboxymethylcellxuLose; 

- r - -sodium, starch glycolate and preeelatinlzed starch, 

?• The iznit dosage form according to claim 6, in which said 
water-inaoluble film forming polymer is selected from the 
group consisting of: cellulose derivatives; acrylic 
resins; copolymers of acrylic acid and methacrylic acid 
esters with quaternary aJBmonium groups; auid copolymers 
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Of acrylic acid and methacrylio acid esters* 
8* The unit dosage form according to claim 7, in which, said 
.permeability-reducing means is selected from the group 
consisting of: fatty acids; waxes; and the salts of the 
fatty acids. 

9. The unit dosage form according to claim 8, in which said 
water-soluble film forming polymer means is selected 
from the group consisting of: cellulose acetate 
phthalate; cellulose acetate trimellitate;- hydroxypropyl 
methylcellulose phthalate; hydroxypropyl methylcellulose; 
poljrvinyl pyrrolidonej shellac; and methacrylio acid 
copolymers* 

10. The unit dosage form according to claim 1, in which said 
water-insoluble film forming polymer is selected from 
the group consisting of: cellxalose derivatives; acrylic 
resins; copolymers of acrylic acid ajid methacrylio acid 
esters with quaternary axmnonium groups; and copolymers of 
acrylic acid and methacrylio acid esters, 

11. The unit dosage form according to claim 1, in which said 
permeability- reducing means is selected from the group 
consisting of: fatty acids; waxes; and the salts of the 
fatty acids. 

12. The unit dosage form according to claim 1, in which said 
water-soluble film forming polymer means is selected from 
the group consisting of: cellulose acetate phthalate; 
cellulose acetate trimellitate; hydroxypropyl 
methylcellulose phthalate; hydroxypropyl methylcellulose; 
polyvinyl pyrrolidone; shellac; and methacrylio acid 
copolymers. 

13. The unit dosage form according to claim 1, in which said 
water- insoluble film forming polymer oomjprises no less 

than' half" of the' membrane. 

14. A method for preparing a unit dosage form for releasing a 
drug into an aqueous fluid environment in a series of 
sequential, pulsatile releasing events, the method 
comprising the steps of: 

A) preparing a plurality of pellets or particles 
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comprising a dmg and a swelling agent other than 
said drug; 

B) coii5>letely enclosing each pellet or particle within 
^ a water-permeable frangible coating or membrane, 

the membrane arranged to admit water to said 
swelling agent and to burst when said swelling 
agent has expanded and thereby applied a 
particular force on said membrane; 

C) composing said coating from a mixt^ire comprising: 

water-permeable insoluble film forming polymer, 
water-permeable soluble film forming polymer; arid 
a permeability reducing agent; 

D) dividing said pellets into a plurality of 

populations of pellets in which each poprulation is 
provided with pellets having a coating arranged to 

cause said pellets to. burst open and release the 

drug at a particular burst time interval after 
becoming exposed to said aqueous fluid 
environment, and providing each population with a 
coating having a different burst ' time interval to 
thereby provide said sequential, pulsatile 
releasing events; 

E) mixing the plurality of populations of pellets in a 

predetermined proportion mixture; and 
P) completely enclosing an aggregate of said mixture 

within a capsule which disintegrates in an aqueous 
fluid environment and releases said pellets to 
exposure to said aqueous fluid environment 
substantially simultaneously, to thereby prepare a 
unit dose in which said water-permeable soluble 
film forming polymer gradually dissolves and 

' " causes said coating to become increasingly 

frangible as time in contact with the aqueous 
fluid environment increases ajid said permeability 
reducing agent decreases the rate at which water 
. passes through the membrane and thereby the 

expanding of said swelling agent, and the relative 
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amounts of said soluble film forming polymer and 
said permeabili-by reducing agent in coatings of 
each population, and tixe thickness of tbe 
coating, determine said particizlar burst time 
interval. 

15. The method according to claim 14, in which the relative 
proportions of insoluble film forming polymer, soluble 
film forming polymer and permeability reducing agent are 
held constant in the coatings of all said populations 
and different burst time intervals are achieved by 
varying coating thickness. 

16. The method according to claim 14, in which different 
burst time intervals are arranged by varying the 
relative proportions of said soluble film forming 
polymer, said insoluble film forming polymer, and said 
penaeability reducing agent. 

17. A unit dosage form for. releasing a drug into an 
aqueous-fluid- containing environment in a plurality of 
sequential, pxLLsatile releasing events, said \mit dosage 
form comprising: 

A) a tablet which disintegrates in an aqueous 

environment of u^e; 

B) a plurality of popi;aations of pellets or particles 

enclosed within said tablet each population of 
pellets constructed to release a drug, into said 
environment of use by bursting at a different 
particular release time interval after initial 
contact with said environment of use, whereby 
all of said pellets are released from said 
tablet substantiailly simultaneously and exx>oaed 
to said environment of use substantially 
simultaneously when said tablet disintegrates; 

C) each pellet containing a core including said drug 

and a swelling agent other than said drug, said 
• sv/elling agent having the property of increasing 
in volume on exposure to water; and 

D) a frangible, water-permeable membrane completely 

enclosing said core and preventing release of 
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eaid drug Into said enviroiamen-b of use, said 
meiDbrane comprioing at least one water-insoluble 
nim forming polymer and at least one of: 
, a) a water-soluble film forming polymer means 
, wbicli gradually dissolves and oauses said 

membrane to become increasingly frangible 
as time in contact wltb water increases; 
and 

b) .a permeability-reducing means, which reduces 
the rate at which water passes through 
the membrane and thereby the rate of 
increase in volume of the swelling agent 
in the core, whereby the increasing 
volume of said swelling agent applies 
increasing internal force on said 
membrane and the rate at which said 
force is applied la- determined by the 
water-permeability of said membrane, and 
the. internal force at which said membrane 
will burst is determined by the 
franglbility of said membrane, and drug 
is released to said environment of use 
when the membrane enclosing aaid core, 
bursts^ 

16. The unit dosage form according to claim 17, in which all 
of the populations, have membranes v/ith the same* 
compositioh and the particular release time of a 
popxilatlon is determined by the thickness of said 
membrane. 

19. 0}he unit dosage form according to claim 17, in which the 
particular release time of a population is determined at 

^ ~ - " -least" in part by the relative proportions of aaid 

Insoluble film forming polymer, eaid water-soluble film 
forming polymer means and said permeability reducing 
■ means in said membrane. 

20. The xmit dosage form according to claim 17, in which aaid 
water-soluble film forming polymer means has a greater 
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solubility at alkaline pH; 

21. The unit dosage form aooording to claim 17, in which said 
water- soluble film forming polymer means is Substantially 
soluble at' both alkaline, neutral and acid pH, 

22. The Tinit dosage form according to claim 17, in which said 
swelling agent is selected from the group consisting of; 

cross-linked polyvinyl pyrrolidone; 

cross— linked carboxymethylcelluJLoae; 

sodium starch glycolate and pregelatinixed starch. 

23. I^li^ dosage form according to claim 22, in which said 
water-insoluble film forming polymer is selected from the 
group consisting of: cellulose derivatives; acrylic 
resins; copolymers of acrylic acid and methacrylic acid 
esters with quaternary axmnonium groups} and copolymers 

of acrylic acid and methacrylic acid esters. 

24. The xinit dosage form according to claim 23, in which sadd 
permeability-reducing mesLns is selected from the group- 
oonsisting of: fatty acids; waxes; and the salts of the 
fatty acids. 

25. The unit dosage form according to claim 24, in which said 
water-soluble film forming polymer means is selected 
from the group consisting of: cellulose acetate 

•phthalate; celliHose acetate trimellitate; hydroxypropyl 
methylcellulose phthal-ate; hydroxypropyl methylcellulose; 
polyvinyl pyrrolidone; shellac? and methacrylic acid 
copolymers. 

26. The unit dosage form according to claim 17, in wbich said 
water-insoluble film forming polymer is selected from 
the group consisting of: cellulose derivatives; acrylic 
resins; copolymers of acrylic acid and methacrylic acid 

" esters with quaternary ammonium groups; and copolymers of 
acrylic acid and methacrylic acid esters. 

27. The xinit dosage form according to claim 17, in which said 
perm.eability-reducing means is selected from the group 
consisting of: fatty acids; waxes; and the salts of the 
fatty acids. 
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26. The uiilt dosage form according to claim 17, in which said 
water-soluhle film forming polymer means is selected from 
the group consisting of: cellulose acetate phthalate; 
cellulose -acetate trimellitate ; hydroxypropyl 
methylcellulose phthalate; hydroxypropyl methylcellulose; 
polyvinyl pyrrolidonej shellac; and methacrylic acid 
copolsrmers* 

29. The luiit dosage form according to claim 17, in which said 
water-insoluble film forming polymer comprises no less 
than half of the membrane. 

30, A method for preparing a unit dosage form for releasing a 
drug into an s^ueous fluid environment in a series of 
sequential, pulsatile releasing events, the* method 
comprising the steps of: 

A) prepariiig a plurality of pellets or particles 

comprising a drug and a swelling agent other than 
said drug; 

B) completely enclosing each pellet or particle within 

a water-permeable frangible coatiiig or membrane, 
the membrane arranged to admit water to said 
swelling agent and to burst when said swelling 
agent has expanded and thereby applied a 
particular force on said membrane; 

C) composing said coating from a mixture . comprising: 

water-permeable insoluble film forming poljnner, 
water-permeable soluble film forming polymer* and 
a permeability reducing agent; 

D) dividing said pellets into a plurality of 

populations of pellets in which each population Is 
provided with pellets having a coating arranged to 

■ c.a'^se said_ pellets to, burst open and release the . 

drug at a particular burst time interval after 
becoming exposed to said aqueous fluid 
environment, and providing esu^h population with a 
coating having a different burst time interval to 
thereby provide said sequential, pulsatile 
releasing events; 
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E) mixing the plvo-ality of poptaations of pellets in a 
predetermined proportion mixture; and 

P) forming an aggregate of said mixture into 

a tablet which disintegrates in an aqueous 
fluid environment and releases said pellets to 
exposure to said aqueous fluid environment 
substantially simultaneously, to thereby prepare a 
\init dose in which said water-permeable soluble 
film forming polymer graduEG.ly dissolves and 
causes said coating to become increasingly 
frangible as time in contact with the aqueous 
fluid environment increases and said permeability 
reducing ag:ent decreases the rate at which water 
passes through the membrane and thereby the 
expanding of said swelling agent, and the relative 

amounts of said soluble film forming polymer and 
said permeability reducing, agent in coatings of 
each population, and the thickness of the 
coating, determine said particular burst time 
interval. 

31 • The method according to claim 30, in which the relative 
proportions of insoluble film forming polymer, soluble 
film forming polymer and peimeability reducing a^ent are 
held constant in the coatings of all said populations 
and different burst time intervals are achieved by 
varying coating thickness, 

32. The method according to claim 30, in vtfhich different 
burst time intervals are arranged by varying the 
relative proportions of said soluble film forming 
polymer, said insoluble film forming polymer, and said 
permeability reducing agent ♦ 
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